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Atmospheric aerosols are defined as the 
suspension of solid or liquid particles in the 
atmospheric air, excluding clouds (Navas-
Guzmán,2012). Aerosols are then further 
classified into various categories. Thus depending 
on their origin we have natural aerosols produced 
in natural processes and anthropogenic aerosols 
that are the result of human actions. Aerosols that 
are emitted naturally are defined as primary while 
secondary aerosols have been formed through 
chemical reaction. Characterization of aerosols 
can also be explained in terms of size where fine 
particles are less than 1 micron in diameter, and 
coarse particles, greater than 1 micron. Aerosols 
can affect the transmission of solar radiation 
through the atmosphere by scattering and 
absorption; both processes attenuate the solar 
direct beam. Scattering is the process of a photon 
being received by an aerosol and that photon 
being re-radiated in different directions (Malm, 
1999). Absorption is defined as the radiant 
energy of a photon being altered into molecular 
or thermal energy. 
Climate is altered through the direct or 
indirect effect. The direct effect is the process by 
which aerosols scatter and absorb short and long 
wave radiation thereby altering the radiative 
balance of the Earth’s atmospheric system. The 
aerosols indirect effect is the process by which 
they influence cloud properties by acting as cloud 
condensation nuclei and/or ice forming nuclei. 
Atmospheric aerosols also affect 
visibility. Visibility is defined as the effect that 
various types of aerosols and lighting conditions 
have on the appearance of landscape features 
(Malm, 1999). These characteristics relate to 
aerosols in that when a photon interacts with an 
aerosol particle it is scattered causing light to be 
produced 
Mineral dust, an aerosol transported from 
desert and arid regions, is a major aerosol type of 
the Earth’s atmosphere and is created by the wind 
erosion of soil. Mineral dust scatters and absorbs 
incoming solar light, which has an impact on 
long-wave terrestrial radiation. Biomass burning 
aerosols, which can be transported from North 
America to Europe, are defined as the aerosol 
that results from the burning of living and dead 
vegetation. These aerosols are significant because 
they absorb and scatter shortwave radiation 
thereby having an influence on the radiative 




In this work, the transport of two different types of aerosols over 
Granada, Spain on June 23, 2010 was discovered, biomass 
burning aerosols and Saharan dust particles mixed with 
anthropogenic particles. Typical altitude, Angström Exponent, 
and depolarization values for biomass burning aerosols are 8-10 
km above sea level, values greater than one, and values greater 
than 0.1 respectively. The values found in this study were 7-10 
km above sea level, 1-2, and 0.01, which is consistent with 
theory. Average altitude, Angström Exponent, and depolarization 
values for Saharan dust are 1-3 km above sea level, less than 
one, and greater than 0.15 respectively. The values found here 
were 1-5 km above sea level, 0-0.9, and 0.08-0.12. The slight 
difference in these values is believed to be due to the mixture of 
anthropogenic particles therefore making these particles non-
pure Saharan dust. This characterization was achieved through 
first the use of models for a general idea of what the air mass 
could have consisted of. Then the two instruments, elastic 
backscatter lidar and CIMEL sun photometer, were used to 
collect quantitative data to confirm the theories suggested by the 
models. In future studies it could be helpful to use more models 
to further confirm the specific types of aerosols present. This 
research is relevant in research about the climate, as atmospheric 
aerosols have a significant impact on the radiative budget of the 
atmosphere. 
The goal of this work was to characterize biomass-
burning plumes traveling from North America and 
Saharan dust particles passing over the Andalusian 
Center for Environmental Research (CEAMA) on 
June 23, 2010. Biomass burning aerosols are the 
result of the burning of living or dead vegetation; 
they absorb and scatter shortwave radiation thereby 
having an influence on the radiative budget of the 
atmosphere. Mineral dust is an aerosol scatters and 
absorbs incoming solar light, which has an impact on 
long-wave terrestrial radiation. 
The elastic backscatter lidar (Fig.1) provides 
information on the presence and altitude of aerosols. It 
collects data by primarily releasing one laser into the 
atmosphere, which emits a single wavelength ranging 
from a few to several hundred nanometers in length 
(Weitkamp, 2005). Following, a telescope measures 
the radiation elastically back scattered from 
atmospheric molecules and particles.
The sun photometer (Fig. 2) is useful in 
aerosol characterization. This instrument operates by 
scanning the sky and measuring solar irradiance and 
sky radiance. Measurements are taken at pre-
determined wavelengths once a day to determine 
atmospheric transmission and scattering properties. 
In addition to the instruments used, various 
models were used. The Hysplit (HYbrid Single-
Particle Langrangian Integrated Trajectory) model 
(Draxler and Rolph, 2003) is a tool used to compute 
air parcel trajectories, complex dispersion, and 
deposition simulations. More specifically, the model is 
able to compute the trajectory of single pollutant 
particles. This is significant in this research in 
determining the history of air masses that have arrived 
over the study area such as, the regions over passed 
during transport and their origin. The backtrajectories 
used were calculated over a five-day span, from 
various altitudes ranging from 2.5-8 kilometers above 
ground level. Backtrajectories were computed online 
at http://ready.arl.noaa.gov/HYSPLIT.php. The BSC-
DREAM 8b v2.0 model (http://www.bsc.es/earth-
sciences/mineral-dust-forecast-system/bsc-dream8b-
forecast) is a dust forecast operational system, which 
is used to predict the atmospheric life cycle of eroded 
desert dust. The product of the model used in this 
research shows dust load and cloudiness over North 
Africa, the Middle East, and Europe. The FIRMS Fire 
Mapper tool, based on Aqua and Terra satellites data, 
shows fires that occurred all over the world however 




provides four maps about the total optical depth, dust 
optical depth, sulfate optical depth, and smoke optical 
depth. These are all calculated with a 0.55 micron 
wavelength. 
Instruments
Fig. 1- Lidar Fig. 2- Sun Photometer
Fig. 3- Height of aerosols
From 14:09-19:01 (~8-9 km)
Fig. 4- Height of aerosols from 
19:54- 22:00 (~7-8 km)
Figure 5- Backtrajectories
showing origin of aerols at 
higher altitudes
Figure 6- Backtrajectories showing 
origins of aerosols at lower altitudes
Figure 7- Location of 
fires on June 19, 2010
Figure 8- Shows 
dust concentration
Figure 9- Aerosol optical depth 
and Angström Exponent Figure 10- Shows distribution 
of fine and coarse particles
Figure 11- Shows aerosol optical depth 
for fine and coarse particles
Figure 12- Backscatter Coefficient, 
Angström Exponent, and 
Depolarization values related to 
16:00-16:30
Figure 13- Backscatter Coefficient, 
Angström Exponent, and 
Depolarization values related to 
21:00-21:30
